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I. BACKGROUND AND INTRODUCTION

A. GETAWAY SPECIAL (GAS) PROGRAM

The Space Shuttle transportation system further opens

the frontier of space for educational, scientific, and in-

dustrial purposes. This is the result of a relatively low

cost space vehicle and its variable payload. In 1976 NASA

responded to the needs of the scientific, educational and

industrial community, and established the Get Away Special

(GAS) program. Under this program, free space in the shut-

tle's cargo bay, following the scheduling of primary pay-

loads, is assigned to self-contained GAS experiments, thus

increasing the number of government and civilian experiments

possible. Hopefully, the knowledge gained will be applica-

ble to future GAS projects.

B. WHAT PROMPTED SPACE PROJECT

On early missions, Space Shuttle cargo bay experiments

were plagued by minor crystalline and circuit board break-

0 age. The causes of this damage were not positively identi-

fied and were attributed to factors ranging from low

frequency structural resonance in the cargo bay to out-

gassing through cargo bay vents during launch. In an at-

tempt to further isolate the causes of this breakage, the

GAS experiment, which this controller supports, will collect

. - . -. ,- a- - - - - ,- - c .l A -. ~



acoustic data near a suspect vent during launch. In order

to establish a baseline for later analysis, a sound signa- L

ture of the shuttle bay will be taken prior to launch. The
..

controller will insure that these measurements and other

events are performed in the correct sequence.

C. GENERAL REQUIREMENTS OF GAS EXPERIMENT

The GAS general requirements, as described in the e " '

EX~eimenter HaQdbook fRef. 2] will be expanded upon in the

following discussion. The requirements concern the three

functional areas: self containment, safety, and shuttle

environment.

GAS experiments must deliver their own power within the

enclosure provided. This self containment necessitates some

type of internal power distribution and a minimum ot power

consumption. All system control during the lifetime of the

experiment is also provided inside the GAS container. Ex-

periment initiation is the only exception. Any data re-

trieval and storage must be done within the container.

All components utilized in the experiment must be of

safe construction and not pose any risk of damaging the -

shuttle or any other experiment. The controller can actual-

ly improve experiment safety by identifying possible elec-

trical faults and isolating them.

12
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An understanding of the shuttle environment is necessary

to ensure proper system component utilization and construc-

tion. The environmental effects during launch and return

can be grouped Into four general areas: acoustics, random

vibration, acceleration and temperature. As reported in the

renU sano, the primary environmental effects

to be considered are random vibration and acceleration.

These launch and return conditions are presented in Figure

1. Thermal considerations are of lesser importance, due to

enclosure insulation and the short duration of the experi-

ment, but are worthy of mention. Temperature can have an

effect if component tolerances are excessively temperature

dependent. One heat source to consider is the shuttle bay

environment while the experiment is waiting for launch and

during the flight. Another heat source is the temperature

due to controller system power dissipation. The system's

primary CMOS construction renders this less important.

D. UNIQUE REQUIREMENTS ASSOCIATED WITH EXPERIMENT

First and foremost is the requirement of self suffi-

ciency. The controller's central processor must have the

capacity to control all aspects of system operation. As was

mentioned in the previous chapter, the power requirements of

the experiment must be contained within the enclosure pro-

vided. With a limited amount of room to hold overall system

power, a number of unique approaches must be incorporated.

13.
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The most obvious power saving technique is the use of CMOS

devices wherever possible. Therefore, the microprocessor

used for the controller and its supporting components should

be of CMOS type. Next, by reducing the clock frequency, the

power dissipated in the system will be reduced propor-

tionally. The use of power-down features can also signifi-

cantly reduce system power consumption. With the inclusion

of a power-down operation, a real time reference is required

to ensure that the system is powered up at the right moment.

The need for multiple unit control is apparent in the

GAS experiment. With all system controls internal, the jobs .

of experiment initiation, system status and record keeping

fall on the microprocessor and its supporting components. A

real time clock is necessary to turn devices on and off at -

specific instances, and to control the duration of the ex-

periment. Multiple unit control also means multiple paths

to and from various components. These multiple paths equate

to an extended number of input and output ports on the con-

troller microprocessor system. An analog-to-digital inter-

face must be available to monitor system functions such as

temperature and bus voltage. The number of sensors moni-

tored determine the number of channels utilized.

Finally the question of reliability must be looked at.

With the experiment controlled completely within the GAS

canister, some degree of feedback is required to insure that

the system is operating properly. For instance, when an

15
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experiment is powered up, indications to that effect should

be returned to the microprocessor. Error detection and

correction should also be addressed.
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II. HARDWARE SELECTION

A. MICROPROCESSOR SYSTEM

1. NSC800

Controller operation is based on the National.I%

Semiconductor's NSC800 family. The NSC800's block diagram

is provided in Figure 2. The following discussion is a sum-

mary of the features that made this selection attractive.

More detailed information on the NSC800's operation is found

in the associated data sheet [Ref. 3]. The first advantage

in using this microprocessor is its CMOS construction. As

previously mentioned, the environment in which the con-

troller will be operating necessitates low power usage. An-

other feature that makes the NSC800 a viable microprocessor

for the controller is the Z-80 instruction set it supports.

The lab environment available during the initial phases of

the space project also support Z-80 and 8080 development.

The natural question to ask is, "Why not simply use a Zilog

Z-80 chip?" The CMOS version of the Zilog Z-80 chip was not

available during the initial design phase of the project.

Like the Intel 8085, the National NSC800 microprocessor also

has the ability to multiplex the address/data bus. Although

the NSC800 is an 8-bit processor, an effective 16-bit

address can be achieved. The 16-bit address is formed by

multiplexing the lower address iines (AO-A7), latching them

17
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externally, and combining them with the upper non-

multiplexed address buss (AS-A15). This equates to an ad-

dress space of 64K. The power supplied to the NSC800 does

not have to be excessively regulated. The microprocessor

can operate with a voltage ranging from 2.4 to 6.0 volts.

This experiment will use a nominal voltage supply of 5.0

volts. However, there are tradeoffs that occur if voltage

is maintained at the minimum of 2.4 volts. While a savings

of power will occur, the maximum clock frequency of the

NSC800 will be limited to 500 KHz. The operational fre-

quency selected for the controller is 4 MHz, which yields an

internal instruction cycle of 1.0 microseconds. The ex-

tended i/O requirements imposed and the capability of ad- .,.-

dressing up to 256 I/0 devices make this microprocessor

appealing.

A pin level view of the NSC800 follows. The NSC800 chip

pinout is detailed in Figure 3. Through this exploration of

the microprocessor, a better understanding of overall con-

troller operation will be achieved. The first 8 pins of the

NSC800 make up the upper byte for memory addressing (A8-

A15). During I/O operations this byte replicates the lower

address byte (AO-A7). This is the reason why memory can be

addressed up to 65536 bytes and I/O can only be addressed up

to 256. Next is pin 9, the clock output. This provides a

system time reference and operates at one half the input
.% "

191
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clock frequency. In this application the clock output will

be 2 MHz. The XOUT and XIN pini are used for rrequency in-

put to the NSC800. The circuit interface between the 4MHz

crystal and the NSC800 is provided in Figure 4. The next 8

pins make up the lower address/data bus. As previously dis-

cussed, this bus is multiplexed. The lower byte is formed

by first putting the lower address on the bus. The address

l.'nes are then latched to the bus through external circuitry

and the Address Latch Enable (ALE) line. This circuit is

described in Figure 5. Pins 21 through 26 are the NSCS00's

interrupt control lines. The interrupts are both mask and

non-maskable and allow a varied degree of control. NSC8-"

status (SO and SI) is provided on pins 27 and 29. Table I

demonstrates the relationship between the status bits and

system operation. The microprocessor also has the capabil

TABLE 1. STATUS BITS AND SYSTEM OPERATION

QPATNSO- SI IO/M RD _WR

OPCODE FETCH 1 0 0 1
MEMORY WRITE :1 0 :0 :1 :0
MEMORY READ 0 1 0 0 1
I/0 WRITE 1 0 1 1 o
1/0 READ . 0 1 1 1

INTERNAL OPS . 1 0 1 1..
INTERRUPT ACK I 1 0 1 :.
HALT 0 0 0 0 1

ity of being reset through pin 33. An output reset for sup-
- r -r-

porting external peripherals is provided on pin 37. The

question ,"Is data going to memory or /O ?" can be answered

with pin 34, the IO/M select line. Additional lines include

..............................................--... -;
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read, write and chip ground. For 1/O operation,-, which

might last longer than the 1/0 hold time, there is a micro-

processor wait (/WAIT) on pin 38. This will allow addi-

tional t states to occur, until it is deactivated. Some

features not utilized in this configuration are DMA, memory

refresh, and power-down.

There are a number of tradeoffs which have to be ad-

dressed when selecting which features Of the NSC800 will be

used and which ones will not be used. Some of these have

already been discussed. Other tradeoffs occur in the use of

dynamic or static RAM. By using static RAM, less power will

I.

be required for memory storage operations. One problem as-

sociated with static RAM is ::s larger package size compared

to s~milar dynamic RAM. Tradeoffs also must be reckoned

with in not utilizing DMA in the controller design. Al-

though overall system design is simplified, flexibility is .

reduced because certain pulled operations tie up the micro-

processor.

2. NSC812

The NSC8i0 RAn-I/O-Timer is chosen for system I/O con-

trol as well as some controller clock and timer require-

ments. Specific information on the NSC810A RAM-I/O-Timer is

found in the associated data sheet (Ref. 4]. The NSC810A

.,ystem block diagram is provided in Figure 6. This is the

natural choice since it belongs to the NSC800 family.

24
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Another favorable feature is its CMOS construction. As is

the case with the NSC800 microprocessor, a wide range of

input voltage is acceptable to the chip. The range is 2.4 lop

to 6.0 volts. Extended control of I/O is available through

three programmable ports. Specific information on these

ports will be presented in a following chapter. A very

broad range of programmable clock and timer modes is an

additional feature that makes this choice very interesting.

A review of some of the pin level aspects of the NSC810

follow. The NSCS10A chip pinout is provided in Figure 7.

Many of the pin assignments, similar in nature to the

NSC800, will not be discussed. The NSC810 ports are found

on pins 21 through 39 and pins 1,2 and 5. These ports are

broken up into three groups labeled A, B and C. The first "

is Port A. Port A is the most versatile of the three and

can be set up for basic input/output operations or one of iii
three strobed modes. Port B can only be used in a basic

input/output mode. The final subsection is port C. This

port plays a triple role. It can be set up for basic I/O, .-.--

or can be used to support handshaking when port A is set up

for strobed operation, or can provide a programmable timer

output. The C port provides the second NSC810 programmable

clock/timer output (Ti) available on the NSC810. The pri-

mary NSC810 programmable timer/clock output, pin 6, is

called "TO". This is the main clock output from the NSC81O. "".*.

26 ,•- 4-
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Both clock outputs'can be set up in one of six modes of op-

eration. The NSC810 also has an I/O Timer and Memory arbi-

trator (IOT or M) at pin 7. This line allows selection of

either the chip's timer function or memory on the NSC810.

Each NSC8i has 1024 bits of static RAM. ___.

The NSC810 ports are used to control associated external

equipment. These ports have three programmable port assign-

ment features: port bit manipulation, port mode assignment,

and input or output assignment. The individual port bits e.

can be manipulated with the bit-set and bit-clear functions.

As the names imply, the bit-set operation will set a selec-

ted bit to a logic level of "I" and the bit-clear function

will clear a selected bit to "0". The actual bit in the

port that is acted upon is identified by an input mask. An

example of the bit-set and clear operation is provided in

Figure 8. Next there is the port mode assignment. This

takes place in the mode definition register. The four as-

signments that can be selected are basic I/O, strobed input,

strobed output, and strobed output with a tri-state feature.

Handshaking is found in the strobed modes. If connected to

smart peripherals, the handshaking capability might free up

microprocessor operation by not having to continually check

a port for status information. The mode definition register

configurations are provided in Figure 9. The data direction

register determines whether a port is set up as an input or

as an output. By selecting the data direction register for

28
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a particular port and Inputting a "I" or "0", it will be set

up as an output or input respectively.

Programmable timer and clock operations on the NSC810,

are very versatile. The clock is actually a 16-bit up down

counter and can be used in any one of six different modes. 4

The six modes of operation range from using it as an event

counter to providing a square wave output. The controller

will use the square wave output. To control the duration of

the square wave clock period, a modulus register is used

along with a prescale func ion if desired. A start and stop

clock function is also available.

B. BUBBLE MEMORY

Before going into specific details of the bubble memory

device used with the controller, a brief overview of bubble

memory fundamentals is in order. The bubble memory system

used on the controller functions somewhat like a disk drive

and has a capacity of I Mbits. That equates to 128K of 8

bit words or bytes. Memory is divided up into blocks or

pages. Each page in memory comprises 64 bytes. Over two

thousand pages of memory are available on the bubble memory

chip. Non-volatility is a unique feature of the bubble mem-

ory system. When the system is powered down, either on pur-

pose or by system failure, bubble memory data will not be

Slost. The power supplied must satisfy certain decay rate ......

conditions in order to ensure the non-volatile nature of the
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bubble memory. The 5 volt source must have a decay rate of

at least 1.1 volts per, millisecond and the 12 volt supply

must have a decay rate of at least .45 volts per millisec-

ond. Specific information oni bubble memory operation is

provided in the _ Memo rxProt ot e Ki

Manual (Ref. 5]. The bubble memory system component layout

and block diagram are provided in Figures 10 and 11. These

diagrams will provide information on system interaction and

the bubble-to-controller interface.

After the bubble memory system is selected one of two

sets of registers is available. These two registers are

chosen with the lower address bus' AO line as shown in the

bubble memory system's port diagram in Table 2. When the AO

TABLE 2. BUBBLE MEMORY PORT ASSIGNMENTS

Read (R),
Address (He'_._Write (W) Assignment

BMC Reqister Selection
AO = BMC FIFO Selection
AO :I Command Register,

Status Register,
or Register Address
SCounr.ei Selected

line is at a logic "0" level, the FIFO or parametric regis-

ters can be written to. The parametric registers tell the "

bubble memory system how large a data block to be sent and

At what area in bubble memory it will begin. When the AO

line .5 a-, a logic ievel )t i" the command register, status

:- 32.,
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register, or the register address counter are used in bubble

memory system operations. Seven of the bidirectional data

lines are used to transfer information to and from the bub-

ble memory system. The eighth data line, D8, it selected,

is used for parity checking. The bubble memory utilizes

only an odd parity check option. There are a number of op-

tions not utilized on this particular bubble memory system.

The first feature not utilized is Direct Memory Access or

DMA. Because of this, the DMA acknowledge pin will be tied

to a high logic level. Interrupt is another data transfer

mode available but not used for this bubble memory system.

Although the microprocessor might be freed up to perform

other tasks if the data transfer interrupt feature is used,

overall controller system complexity would increase. In

this controller system application, the bubble memory oper-

ates exclusively as a polled device. Another pin not used

in this controller configuration is the 7472 chip select

line. With single bubble memory applications this line is

tied to a low logic level. If a multiple bubble memory sys-

tem were utilized, this line would be manipulated to control

the byte size going into the bubble memory.

Special power down requirements, besides that of the de-

cay rate of the power supply, have to be addressed. The

bubble memory device will be powered down when not in use.

Although the bubble memory has an initialization time of up

to 160 msec, the duty cycle of writing to the bubble will
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not be exceeded. Since the bubble memory will be by fat, the

greatest source of power dissipation in the controller sys-

tem, it will be turned off when not in use.

C. ANALOG-TO-DIGITAL CONVERTER

The controller's analog-to-digital converter has a num-

ber of features that make it attractive. The National

Semiconductor ADC0816 Single Chip Acquisition System is an

8-bit microprocessor-compatible analog-to-digital converter

with 16 channels of analog input. These voltage channel in-

puts are selected through a local multiplexer that utilizes

4 outside address lines labeled A through D. The actual -.

port assignments associated with the various A-to-D channels

is presented in Table 3. A block diagram and pin level dis-

cussion of the converter is provided in Figures 12 and 13.

This should help in the following description of the con-

verter operation.

The converter's CMOS construction is the first important

feature, since low power dissipation is important. Sec-

ondly, the converter can handle up to 16 channels" of analog

data. This feature should more than compensate for the an-

ticipated growth that will occur in the experiment that this

controller supports. The converter uses a successive ap-

proximation technique for conv-rsion. The approximation

36
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TABLE 3. A-TO-D CONVERTER PORT ASSIGNM'ENTS

Read (R)/
address (Hex) Write (W) AssiqnMet

EO ChannelI # 0
El Channe I # I
E2 Channel # 2
E3 Channel # 3
E4 Channel # 4
E5 Channel # 5

E6 Channel # 6
E7 Channel 1 7
E8 Channel # 8
E9 Channel # 9
EA Channel # 10
EB Channel # I1I
EC Channel # 12
ED Channel # 13
EE Channel # 14
EF Channel # 15
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technique is divided into three areas: a 256R ladder net-

work, a successive approximation register and a comparator.

The 256R ladder network and successive approximation regis- .

ter work together to determine the channel voltage input.

The input voltage is compared to the voltage in the ladder

eight times to determine the voltage on the channel. The

actual tree structure utilized is shown in Figure 14. A

chopper-stabilized comparator is used in the converter. The

input DC voltage is converted to an AC signal, this Eignal

is then passed through a high gain AC amplifier and the DC

level is restored. Why convert a DC input to AC, and then

back as DC? This technique removes a DC component in the

input signal which causes drift. By removing this drift

component the converter is less affected by temperature

fluctuations and long term drift. The analog-to-digital

converter will be used for ratiometric purposes in this ap- 71
plication. The voltage being measured can be represented as

a percentage of a full scale value. The voltage on the A-

to-D channel can be described by the equation in Figure 15. 2
Some of the most favorable A/D conversion techniques are 4

packaged together in this conversion process. These combine

to make this converter highly accurate, repeatable, very

tolerant of temperature variation, and extremely fast. The

typical conversion time of this converter is 100
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microseconds. Specific information on chip operation i-

provided in the National Semiconductor's ADC0816 component

data sheet [Ref. 6].

D. UART

With a controller-to-"dumb" terminal interface comes a

need to control its inherent asynchronous serial data path.

To manage this, some type of serial to parallel device must

be used. A number of options were investigated. The first

of which is using the NSC800's microprocessor serial input.

External serial data would be input directly into the con-

troller system through the NSC800. One problem associated

with this procedure is the excessive work load the NSC800

would incur to control this input. The next alternative in-

vestigated uses a specialized Universal Asynchronous

Receiver Transreceiver (UART) and an external baudrate gen-

erator to handle the receive and transmit functions. The

UART's receiver converts serial channel data to a parallel

data format compatible with the controller's internal data

bus. The UART can also transmit parallel data that comes

off of the controller's system data bus to an external se- -

rial data line. The selection of receive and transmit oper-

ation is handled by the controller's NSC800 microprocessor.

The UART ports that are affected by this selection are shown -

in Table 4. A middle ground design was eventually utilized.

This design uses an external IM6402 Intersil UART and
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generates the clock for tran-Imitter and receiver operation

on one of the NSC810 chips. The Intersil IM6402 UART data

sheet [Ref. 71 contains specific information on chip oper-

ation. A system block and pin diagram are provided in

TABLE 4. UART PORT ASSIGNMENTS

Read (R)/"
Address (Hex) Write (W) sj ent.-------

AO . UART Data
Al - BF . , NOT USED ***
C UART Status
Cl - CF *** NOT USED ***

Figures 16 and 17.

A number of features make the selection of Intersil's

UART feasible for the controller. The first is its CMOS

construction. Secondly, the Intersil UART is compatible

with the industry standard for !M6402. This allows it to be

.esiy connected to any number of available "dumb" terminals

or microcomputers. The UART also has the capability of be-

ing programmed in a number of different data formats. This

programmable feature ailows it to be interfaced in a number

of different serial data environments. The following dis-

cussion, on the UART's operation, will be broken up into six

areas: receiver operation, transmitter operation, status,

control, setup, and clock specifications.

114



ry-r
rN;--

I -L I

I -I C - -- Wi C=~ L~~ LI C =) F
r.)!- -r- - 0

I-. ~ - L~JLL45



Ycco 1 0RC

WEC 2 39 EPE
G@3 38 CLS I

RRD 4 37 CLS2 i
RBRI18) 5 136 505
RBRU 17 6 niversal Ps~nchronous 35 PI

7 Receiver Tunsmitter 3 R

RBRI51 8 PR)33 18R18)

RRI4 9 32 IRP[)

RBR13) 10 31 IBRE5

ROR12] 11 30 IBR(5)

RBR1IP 12 29 TONI)

PE 13 28 IBR[3)

FE 14 27 TBR(2)

DE 15 26 ITRt1)

SF0 18 25 IRO

RRC 17 24 IRE
lDR18 23 /TORL

DR 19 22 IBRE

RRI 20 21 MR

Figure 17. UART Chip Piriout



In receiver operation, external asynchronous serial data

is brought into the UART, itL format is changed, and then

the message is sent over the controller's parallel data bus

to the NSC80O. Following is a description of receiver oper-

ation at the pin level. Pin 4 on the UART is the Receiver

Register Disabled (RRD) line. This line controls the

Receiver Register Holding Register outputs by bringing them

to a high impedance state. Serial data enters the UART

through the Receiver Register Input (RRI), pin 20. After

the data enters, it is sent to the Receiver Buffer Register

(RBR) on the UART. A signal on the Data Received (DR) line, "

pin 19, indicates that the data is in the buffer.

The UART's transmitter takes data in from the con-

troller's parallel data bus, changes its format, and then

transmits the message out. There are a number of lines on

the UART dedicated to transmit operations. The following

discussion will look at most of them. An indication, that

the transmitter buffer is ready for new data is provided on

the Transmitter Buffer Register Ready (TBRE) line, pin 22.

The Transmitter Buffer Register Load (/TBRL) line, pin 23,

is used to bring parallel data into the UART. This data is

brought into the Transmit Buffer Registers (TBR), pins 26-

33. Data is eventually transmitted out of the Transmitter

Register Output (TRO), pin 25. The Transmitter Register

Empty (TRE) line, pin 24, gives an indication that data

transmission is complete.
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The user interface is greatly simplified by status indi-

cations available on Intersil's UART. Besides the transmit

and receive status indications, other status signals include

the Parity Error (PE), Framing Error (FE), and Overrun Error

(OE). Parity error is an indication that the received mes-

sage has incorrect bits. Either the parity bit or another

bit in the transmission is in error. If the first stop bit

in the transmission is in error a framing error occurs. The

overrun error indicates that a data received indication has

not been received before the last character was sent to the

receiver buffer registers.

Three control signals the UART uses are Status Flag

Disable (SFD), Master Reset (MR), and Control Register Load

(CRL). The Status Flag Disable places all status outputs in

a high impedance state, thus removing them from the bus.

The Control Register Load is used to load the system's par-

ticular operating environment. This environment or setup

information will be described later. Finally, every time

the UART is powered up, the Master Reset is used to return

the UART to a known state for programming purposes.

The UART can be used in wide variety of formats. These

formats are displayed in Table 5 (Ref.8]. The actual setup

utilized depends on the choise of Parity Inhibit (PI), Stop

Bit Select (SBS), Character Select Length (CLS1 and CLS2)

and Even Parity Enable (EPE). The Parity Inhibit line is

used to stop parity checking when a data byte is received

48
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and parity generation when transmitting a word. If it is

desirable to check parity, the Even Parity Enable line is

used to check either odd or even parity. The Stop Bit

Select and Character Length Select lines allow the UART to

interface to a variety of transmitted word lengths and

formats.

The clock signal which the UART uses, comes from one of

the controller's NSC810s. This signal is 16 times the de-

sired transmit and receive rate. The UART has the capabil-

ity of operating at baud rates in excess of 200K if provided

with a clocking signal in the range of 4 MHz. This particu-

lar system is designed for 9600 baud. The required clocking

for this rate is a little over 150 KHz. A baud rate of 9600

is selected because it support, the "dumb" terminal used

with the system. This rate also supports a variety of in-

dustry standard "dumb" terminal emulation communication

packages. -"

The data path between the UART and "dumb" terminal has

to be determined. The industry standard RS-232-C 25 pin in-

terconnection is used to interface the two units. The line

drivers shown in Figure 18 are used on the UART's serial

transmit output and receive input. The connection uses a

three wire cable and is shown in Figure 19. The three lines

are Transmitted Data, Received Data, and Signal Ground.

50
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Pin 2 .UR

L. 2 TIa CLOC

With a requirement to initiate experiments at a particu-

lar time, some type of microprocessor compatible real time

cloDck is required, The National Semiconductor 1MM58167A

Microprocessor Real Time Clock is used. Specific informa-

tion on the real time clock is provided in the associated

data sheet [Ref. 13) A-- w~tL'i most at the other components

on tne controier, it i6 0MOS in ccnstructiori. Some other
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clock features are presetnted la the followlnq di6c-u.si ."-n

Month to thousandths of a second information is provided by

this clock. With a local four year calendar, the clock can

be used for very long term applications. A power-down fea-

ture allows it to be disabled from the rest of the system

for low power operations. The clock counter is divided into

two 4-bit Binary Coded Decimal (BCD) digits. During each

read and write operation the two digits can be accessed.

The BCD real time clock format is provided in Table 6 [Ref.

10). The chip has an alarm clock feature which can be pre-

programmed. This is needed for timed experiment initiation.

The clock can also be programmed to give a periodic signal

output with its variable interrupt control features. The

variety of available programmable functions are seen on the

port diagram in Table 7. There is a status check available

to ensure that clock rollover has not occurred during a real

time fetch.

A block and pin diagram are provided in Figures 20 and

21 respectively. These diagrams, along with the following

discussion, should clarify clock operation. Along with the

standard lines, such as Chip Select (/CS), Power (Vdd),

Ground (Vss), and Read (/RD) and Write (/WR) are some lines

unique to the clock's operation. The first of which is the

Ready (RDY) line, pin 4, which indicates that the data re-

quested is now valid to be read. The Oscillator Input (OSO

53
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TABLE 7. REAL TIME CLOCK PORT ASSIGNMENT

L

Read (R)I
Address (Hex) __write__W__s igamen_..

60 Counter - Ten thousandths
of a second

61 Counter - Hundreths and tenths -
of a second

62 Counter - Seconds
63 Counter - Minutes
64 Counter - Hours
65 Counter - Day of week

66 Counter - Day of month
67 Counter - Month
68 RAM - Ten thousandths

of a second
69 RAM - Hundreths and tenths

of a second
6A RAM - Seconds
6B RAM - Minutes
6C RAM - Hours
6D RAM - Day of Week
6E RAM - Day of Month
6F Ram - Months
70 Interrupt Status Register
71 Interrupt Control Register
72 Counter Reset
7 3 *RAM Reset
74 Status Bit
75 Go Command

76 *Standby Interrupt --p-
77 - 7E ** NOT USED ***
7F Test Mode
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IN), pin 10, and its accompanying output (OSC OUT), pin 11,

are used in the crystal oscillator circuitry shown in Figure

22. An Interrupt Output (INT OUT) at pin 13 is programmed

to provide eight different intervals of output. The final

pin unique to the real time clock is the Standby Interrupt

(/STBY INT OUT) line. This is the only line enabled during

low power operations. All other outputs are driven to a

high impedance state during low power operations.

F. STATIC RAM

The Hitachi HM6116P-2 2048-word x 8-bit High Speed

Static CMOS RAM is chosen for two reasons. First, it can be ,

integrated into the controller system very easily because no

refresh requirements have to be addressed. Secondly, it

supports very low power operation. If dynamic RAM is cho-

sen, the package size for a certain amount of memory will be

smaller, but the power dissipation incurred will be greater

than if static RAM is chosen. The controller will have 8K

of local static RAM. It will be used as a buffer space

while accumulating enough data for a bubble memory write.

It will also be used as working space for the controller's

NSC800. The associated pin diagram of the HM6116P-2 is pro-

vided in Figure 23. A truth table of RAM read and write op-

erations is provided in Figure 24. Specific information on L

RAM operation is provided in the Hitachi IC memory data

sheet [Ref. 11].
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P2 44 21 C
RI6 2 H6II6 23A

A5 6 13 R9I%
96K x 12 BI8

63 20 ROE1 6
A2 12 13 64O

Figure 23. Static RAM Chip Pinout
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G. EPROM UTILIZATION

The drivers for operation are resident in four Intel

2732A 32K (4Kx8) UV Erasable PROMs. Specific details on the ,% k

EPROM are provided in the associated data sheet (Ref. 12]. K.

EPROMs are chosen over ROMs primarily because program de- --

velopment time is shorter and development costs are lower.

The 12K bytes of EPROM memory is considered an adequate

amount for resident memory requirements. The pin diagram of

the EPROM is provided in Figure 25. The Intel 2732A also

features a low power standby mode.

. .. ..

I .%" -

"- -%.

.-. t t. t ..~ A aS .S-ottS- C-- --



R 32K W hx 83)21 AP11
P3 52DO
RP2 6 UV19 PlO

P1 EPPSPBLE
PR D
D6 9 ppO 1 D
61 16I 15 D 5
62 - 11 14 0 4
GND~ 12 13 6H

F ig ur e 5.E ~P R M C h ip P i 1ou t



IiI. LANGUAG SE.ECTION

A number of factors have to be evaluated before the pro-

gramming language is selected. Some of the considerations
that must be addressed are longevity of the project, ex- -

tended I/O control, real-time control, and memory space

availability. The question of longevity, short or long term

use, must be answered to determine if the language will re-

quire much maintenance and growth during its lifetime. A

short term project can be written in a very inflexible man-

ner, and overall performance will not be overly affected.

On the other hand, if the duration of the project is over a

number of years a great amount of flexibility and growth po-

tential must be built in. The environment in which the con-

troller will be operating is fairly well defined and short

term. The controller, as was earlier stated, will have a

great deal of 1/0 control. The experiments the controller

will be controlling fall into two general categories: sys-

tems with no local logic and systems with local logic and

handshaking capability. With a well defined operating envi-

ronment to work in and a project driven with sequential real

time control, controller programming can be fairly rigid and

well contained. This well defined environment can be resi-

dent in a small amount of memory. While a high level lan-

guage is well suited for programming in a general purpose
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environment, It tends to have large memory requirements. On .

the other hand, very specific tasking and a great deal of

machine level control, make an assembly level approach more

feasible. This approach is appropriate if the code size is

not excessively large. In assembly language programs, the

code tends to be more optimized, further reducing memory us-

age. It was against this backdrop that the Z-80 and 8080

assembly languages were chosen for controller drivers. All

system drivers are written at the assembly level. In the

future, overall system control will be written in a compiled

higher level language. A majority of programming is done in

Z80 rather than 8080 assembly because it has a number of en-

hanced features. Some of these included code that performs

more functions than similar 8080 code and more diverse I/O

instruct ions.

'
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IV. CONTROLLER SYSTEM DESIGN

Now that the components that make up the system have .

been presented, the way in which they work together will be

developed next. A short recapitulation of the requirements

that the overall design should satisfy will be presented.

Small size and low power dissipation are physical con-

straints. The small size necessitates that a small compact

design be developed. The requirement of low power dictates

that low power chips be utilized.

The controller is almost 100 percent CMOS in construc- '. \

tion. There are also some additional benefits associated

with the use of CMOS devices. One being a higher degree of

noise immunity than TTL circuitry. This is evident in the

varying power environment in which the CMOS chips can oper-

ate. Another advantage of CMOS is in its ability to be

common-bussed. This bussing arrangement is allowed because

three-state transmission gates are provided on most CMOS de-

vices. With almost all CMOS components the problem of com-

patibility among chips is minimized. Overall system loading

is reduced due to the CMOS design and the requirement for

bus drivers is minimized. Although there are a number of

benefits associated with CMOS construction, some precautions

associated with their use have to be looked at. Since un--

stable operation may be observed if an unused input to the --
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CMOS device is left open, it should be tied to either a high

or low logic level depending on circuit requirements. The

main power dissipator in the controller, the bubble memory

storage device, is the primary non-CMOS device present.

When the bubble device is not in the actual process of read-

ing or writing it is completely powered down. The primary

trade off that this introduces is a 160 millisecond delay at

most before the bubble can be written to again. The re-

quirement for extensive port control brings about the inclu-

sion of three NSC810s with their many ports and timer

capabilities. A block diagram of the controller's primary

component interconnections and their control, data and ad-

dress bus is provided in Figure 26. The direction of data

flow on the controller's data bus is controlled by an octal

bus transceiver. A consolidated controller I/O map is pro-

vided in Figure 27. The decoder shown in Figure 28 is used

to select the various controller components. The con- "

troller's decoder and NSC800 provide signals that are used

to determine directional flow on the data bus. This cir-

cuitry is shown in Figure 29. A total of 8K bytes of RAM

and 12K bytes of EPROM will be utilized for controller oper-

ation. The controller memory map is provided in Figure 30.

The memory decode circuitry is shown in Figure 31.
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V. GENERAL SYSTEM LAYOUT AND CONSTRUCTION

After, ensuring that system components will satisfy con-

troller requirements, their, iriterconnection is made on pa-

per. This procedure takes o .umber of step-. First an

overall and general view of system's interconnections is

made. Next comes the more specific task of designing a sys-

tem layout with pin 'identification. The controller system

layout is provided in Appendix A. Through the layout, the

intricacies of component interaction can be observed. One

can also observe the underlying outline of the circuit's ul-

timate construction. The analog-to-digital converter's cir-

cuit interface with the controller is shown in Figure 32.

£ 40)

I- °2. °>

IN<14..3> B 6 3

A tererrutg haCs coan nen

lnterrupt

per. Thierocuretpst ime o3 steps..Frtan..>''

made. NextCom t emon e INci i 5s 14 2e i n ng a s s

5V 17

x

Figure 32. Controller Interface with the A-to-D Converter
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Following the paper design the circuit is realized in hard-

ware. Specific details, such as chip socket positioning,

bus layout, and the utilization of bypass capacitors to re-

move spikes in the system have to be addressed. A brief de-

scription of the building techniques used in the

controller's construction follows.

The first situation that has to be evaluated is whether

the prototype circuit will be created by a wirewrap or sol-

derless breadboard assembly. Due to the frequency that the

controller will be operating, around 4 MHz, the wirewrap op-

tion is chosen. This will avoid possible ringing problems

associated with breadboards operating at high frequencies.

After choosing the wirewrap approach, the actual layout of

the components has to be made. An evaluation of the data,

address, and control lines among the various chips is made

and through layout these path lengths are minimized as much

as possible. Space for the RS-232 and other interconnec-

tions with external equipment is also identified. The con-

troller wirewrap board layout is provided in Figure 33. The

ground and power lines are first routed. In wiring power,

the leads are of heavy gauge and as short as possible. The . -!

effectiveness of a power supply can be seriously degraded by

the resistance in its lead lines between power source and

load. The ground lines are also of heavy gauge. Throughout

the circuit, .01 microfarad bypass capacitors are used to

remove any unwanted current spikes that might be caused by
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circuit switching action from totem-pole devices. After

wiring is complete, a check of the power and ground leads is

made by a continuity test to all applicable chip connec-

tions. Next the external power supply is connected to the

circuit and all power and ground lines are again checked.

In the prototype controller, power is provided through an .'

external power supply. The required decay rates that are

needed for proper bubble operation are satisfied. Next the

address/data, low address, and high address busses are

wirewrapped and checked via a continuity test of all lines.

The system control lines are connected and are also checked

with a continuity test. The NSC800, a NSC810, a EPROM and

one RAM are placed on the controller. The interaction be-

tween the NSC800 and EPROM is tested by a short program.

This program causes a fetch, the jump instruction is decoded

and then two more bytes of memory are fetched. This results

in a toggling of the control and memory select lines. This

is verified with an oscilloscope. The remaining RAM is

added to the circuit along with the UART. The UART is then

verified by a short program that takes keyboard inputs,

sends them to the controller, and then back to the terminal

screen. Now the bubble memory module is added to the

controller. Its operation is then verified. The procedure

used is provided in following chapters. The real time clock

and analog-to-digital converters are then added to the

controller.
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VI. SOFTWARE FLOWCHART AND DRIVER DEVELOPMENT

A. BUBBLE MEMORY CONTROL

After hardware development comes its application. While

some components interface quite easily with the microproces-

sor and only need to be addressed to return an answer, oth-

ers require a series of operations or drivers to function.

The NSC800 to bubble memory system interface is the most

complicated one on the controller. The following discussion

will look into what is required to initialize the bubble

system, read from it, and write to it. A bubble command

summary is provided in Table 8 (Ref. 131. This should help

in the following driver development. The drivers and the

main program calling them are provided in Appendix B. In-

formation on bubble memory programming from the BE7J_...

u_ Loot _ 1__a _ Re f. 14] and a

bubble-to-controller software interface (Ref. 15] are used

in driver development.

The interface between the bubble and NSC800 microproces-

sor is heavily dependent on software. The drivers control

all aspects of bubble operation. Data is received from the

NSC800 microprocessor and is converted into bubble memory

commands or command execution parameters. The driver also

interprets signals from the bubble indicating that a
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particular operation has been completed or, that It h-a,

failed. This information is then returned to the NSC800.

Bubble driver utilization is multilayered. The upper layer

comprises the main program and user interface. A lower

layer is divided into a number of specific operations.

These operations then call primitive subroutine acti8ns.

Some of these primitives include, initializing parame ric

registers, resetting the FIFO data buffer, writing to ubble

memory, and reading bubble data memory. The bubble system

has the capability of operating in a polled, DMA or inter-

rupt driven mode. The polled mode is used for this control-

ler application. There are a couple of reasons for this

selection. Because the bubble is used to store historical .-

data during the experiment, the rate at which the bubble

will be written to and read from is very low. A polled mode

more than adequately satisfies controller operation. With

no additional hardware required to initiate polled oper-

ation, its interface with the microprocessor will be easier.

The primary disadvantage associated with polled operation is

the excessive time the microprocessor is tied up with thel

bubble. Data transfer is software controlled. After a com-.--

mand is sent to the bubble, the status register is read

continuously. This register determines when data is to be

written to or read from the bubble FIFO. All bubble oper-

ation is composed of smaller driver primitives. Some of

these primitives include abort, purge, FIFO reset and the
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read/write commands. Typical polled operation command

execution and data transfer routine flowcharts are provided

in Figures 34 [Ref. 16) and 35 [Ref. 17]. All commands sent

to the bubble utilize similar input and output formats. The

main difference is the actual commands sent. Operation is

divided into initializing, writing to, or reading from the

bubble memory system. Bubble memory initialization is

carried out each time it is powered up. In the process of

initialization, the following bubble commands are performed:

abort, purge, FIFO reset, and read/write to bootloop. In

write operations the parametric registers are first written

to. This establishes the size of pagetthat will be written

and where in the bubble memory it will be placed. The

bubble memory's data write operation is then initiated.

Data is taken from a predefined location in RAM nemory to

the bubble memory system. With the read command, data from

the bubble memory is written to a preselected RAM buffer

area. Like the write operation, the parametric registers

establish the type of transfer that will occur. The actual

read bubble data command is then issued.0
B. REAL TIME CLOCK

The four operations that the real time clock performs

* are setting time, programming the interrupt, reading time,

and setting the alarm output. To set the time, its associ-

ated function is called and the user is prompted for the
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appropriate inputs. These inputs are converted to BCD

format and are sent to the appropriate port of the clock.

The alarm type function, that the real time clock performs,

is similar to the clock set operation. Rather than write to

the clock's counter as it does in the time set operation,

the alarm is written to the clock's latches or RAM. The

clock's interrupt output is maskable through the interrupt

control register and can be programmed to any of eight pos-

sible signals. The interrupt control register regulates

which of the bits in the interrupt status register has an -.

output. The interrupt status register has interrupt outputs

for tenths of seconds, seconds, minutes, hours, week, day of

month, and month. The interrupt control register is written

to by calling the interrupt function. After this function

is called there is a prompt on the terminal for the desired

interrupt cycle. A byte with the desired interrupt bit set

to a "I" is then sent to the interrupt control register.

The interrupt register format is provided in Figure 36. To

read the present time, the program's read time function is

invoked. After determining the time, the clock's status bit

is checked to see if the clock rolled over during the read.

If no roll over occurs the present time is returned. The

real time clock also has a power down feature which is in-

voked by bringing the power down line to a logical 0. The

standby interrupt is the only output allowed during power
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down and is enabled by writing a I on the DO line when the

standby interrupt is selected.

C. CONFIGURING THE I/O PORTS

The port characteristics of the controller are estab- -___

lished on the NSC810s. To aid in the following discussion,

the three NSC810 port diagrams are shown in Tables 9, 10 and

11. The ports of the NSC810 can be configured in a number

of modes as previously discussed. The A port byte can be -. ,

configured as basic I/O, strobed mode input, strobed mode

output, or strobed mode output with tri-state. The configu-

ration or mode is selected by writing to. the mode definition

register. The a.lowable mode definition register assign-

ments and the bytes that select them are provided in Figure

37. The B and C ports are only configured as basic I/O.

The C port is also utilized as a programmable timer output

or serves as a handshake register when the A port is in the

strobed mode. After the port mode is selected, the direc-

tion of the port is determined. This selection is made by

writing to the Data Direction Register of the port. A "0"

at a particular bit location indicates the bit is configured

as an input. A "I" in a bit location signifies an output.

When the A port is configured in one of the strobed modes

the registers of the A and C ports require the configura-

tions shown in Figure 38. The individual bits of the A, B

and C ports can be manipulated with their respective bit-set
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TABLE 9. NSCSIOA NO.1 PORT ASSIGNMENT
... a ,

Read (R)-_A d ~ g ! _ e _ i W ~ ± & _ _ _W _ : .................". .% .

00 R/W PA 0-7 (Ext. General Purpose
Strobed Input)

01 R/W PB 0-4 (UART Control)
PB 5-7 (Available)

@2 RIW PC 0-2 (Power Control)
PC 3-5 (A/D Counter Timer)

03 *** NOT USED
04 W DDR - Port A
05 W DDR - Port B
06 W DDR - Port C
07 W Mode Def Reg V.,
08 W Port A (Bit - Clear)
09 W Port B (Bit - Clear)
OA W Port C (Bit - Clear)
OB *** NOT USED ***
OC W Port A (Bit - Set)
OD W Port B (Bit - Set)
OE W Port C (Bit - Set)
OF *** NOT USED *** _

iO Timer 0 (LB) UART Baud Rate
11 Timer 0 (HB) UART Baud Rate
12 Timer I (LB) A/D Clock
13 Timer 1 (HB) A/D Clock
14 W Timer 0 Stop
i5 W Timer 0 Start
16 W Timer I Stop
17 W Timer 1 Start
18 R'W Timer Mode (0)
19 R/W Timer Mode (1)
IA - IF *** NOT USED ***
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TABLE 10. NSC8l0A NO.2 PORT ASSIGNMENT

Read (R)/
Address (Hex)_:Write_(W)- Assi gimetj---------

20 R/W PA 0-7 (SSDR Strobed Input)
21 R/W PB 0-7 (Power Group Input)
2 2 R/W PC 0-2 (SSDR Control)

PC '3-5 (Available)
23 **NOT USED**
24 W DDR - Port A
25 W DDR -Port B
26 W :DDR -Port C
27 W Mode Def Reg
28 W Port A (Bit - Clear)
29 W Port B (Bit - Clear)
2A w Port C (Bit - Clear)
2B *** NOT USED ***
2C W Port A (Bit - Set)
2D W Port B (Bit - Set)
2E W Port C (Bit - Set)
2F * NOT USED**

30:Timer 0 (LB) Power Group
31 *Timer 0 (HB) Power Group
32 *Timer I (LB) Available
33 Timer I (HB) Available
34 * W : Timer 0 Stop
35 * W Timer 0 Start
36 W Timer 1 Stop
37 W Timer 1 Start
38 R/W Time r Mode (0)
39 R/W Timer Mode (1)
3A -3F ***NOT USED *
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TABLE I I. NSC810A NO.3 PORT ASSIGNMENT

Read (R)/
a~jess a(Hex) Wr it W sigm

40 R/W PA 0-7 (SSDR Strobed Output
41 R /W PB 0-7 (Power Group Output
42 R/PW PC 0-2 (SSDP Output)

PC 3-5 (Available)

43* NOT USED**
44 WDDR - Port A
45 W DDR -Port B
46 .W ODR -Port C
47 W Mode Def Peg
48 W Port A (Bit -Clear)

49 * W Port B (Bit-Clear)
4A * W Port C (Bit -Clear)

4B *** NOT USED ***
4C W :Port A (Bit -Set)
4D W Port B (Bit - Set)
4E W Port C (Bit - Set)

4F* NOT USED**
50 *Timer 0 (LB) Power Group
51 Timer 0 (HB) Power- Group
5 2 *Timer 1 (LB) Available
53 .Timer i (HB) Available
54 W T imer, 0 Stop
55 W Timer 0 Start
56 W Timer I Stob
57 w Timer I Start
58 P1W T imer- Mode (0)
59 P/W Timer Mode (1)
5A -5F ***NOT USED *
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and clear ports. If a "0" is written to the port, no cnange

will occur. If a "I" is written to a particular bit loca-

tion, the selected operation will occur.

The procedure to set the clock output of the NSC810 fol-

lows. First, the timer being configured is stopped by

writing a 000 or 111 in the timer mode register. Next the

desired clock mode is written to the timer mode register.

The six timer modes available are presented in Figure 39.

The modulo value for the clock is then written into the

modulus register, low byte and then high byte. The selected

clock is then started. The mode 5 configuration, square wave

clock, is chosen for UART and A/D timing signals. An exam-

ple of the square wave output and the effect the modulo

value has on the signal is provided in Figure 40.

D. ANALOG-TO-DIGITAL CONVERTER

For a read on the analog-to-digital converter, the par-

ticular channel is selected, the microprocessor initiates a

delay and then the channel voltage is read.

E. UART

A description of the drivers for the read and write op- .

erations follow. For a keyboard read, the status register

of the UART is activated and a check is made to see if a

character has been received and transferred to the receiver

buffer register. After the character is received, it is
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sent to the microprocessor, For transmissions out to the

console, the status register is again read. This time, the

* . transmitter buffer register empty indication is checked.

After an indication that data has been transmitted to the

transmitter register and the UART is ready for new data,. an

output from the NSC800 is made.
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VII . CONCLUSIONS

The controller designed and built in this thesis satis-

fies the requirements of the space shuttle experiment.

Although designed for a specific experiment, it has the

flexibility to be applied to following space shuttle pro-

jects. There is the possibility for hardware and software

enhancements.

A. FUTURE HARDWARE AND SOFTWARE POSSIBILITIES

The controller's EPROM memory can be increased from its

present 12K bytes to 56K bytes. This would yield an overall

RAM and EPROM memory usage of 64K bytes, the maximum allow-

able in this controller configuration. The bubble memory

unit on the controller can be upgraded to the newer Intel 4M

bit system, DMA data circuitry could provide greater data

throughput, and interrupt data transfer circuitry can de-

crease program overhead. Digital-to-analog converter cir-

cuitry can also be incorporated and a range of voltages

would then be available for system control. Finally, a

newer 16 or 32 bit CMOS microprocessor can replace existing

microprocessor control devices.

An extensive real-time operating system can be developed

for the controller. System programming during this thesis

was exclusively EPROM based.

.9
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B. FUTURE APPLICATIONS AND RESEARCH OPPORTUNITIES

Hardware and software enhancements previously discussed

contain ideas that can be used in future controller research

and development. The controller can also function as a low-

cost general purpose control workstation for the classroom

and can support many different control system environments.

The UART allows it to be interfaced with most

microcomputers.
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4. APPENDIX B

CONTROLLER SOURCE CODE

ENTRY DEFLAY .TAILI

EXTEN AlORT ,bWRlU2L RLEUBL, IN2U2L

GAS CAN CONTRCL PROGRAM

3 TACK EQU 0

NSC8101 IQU £ooE
NSC8102 IQU 020E
NSCle13 F U 9eE
RTC Y.QU emS
2UB2LE EQU OO
CONEATA FQU 9AOE
CONSTAT IQU eo
BAUD EQO Y107H
BAUrAE EQU HIE ~
POWIRCK FQU ea1E
ATCD 1 u oi0H
MONTE EQU eE71 V
DAYCFM E.QU ZE6H
DAYOFW EQU 065B

FOUPS LQU e64B

MINUE EQU zeE

ADAS I EQU 01

RAM EQU OHO
BUFF EQU RAM
IAtL EQU eyseoh

JUMP TABLE

BOOT: JVdP STSTIr"

ESTRT1: JMP INEUBI

Ds
RSTRT2: JMP ~RDZUE

I S
RSTRTZ: JMP AERUI

DS 5
ESTICIE: JMP DOER

DlS 1
RSTRlTC: JMP rCi5!

101



/%

RSTRTe: JtM!P LC6

DS 1
RSTEP?: JMP rC?6

DS 1

RSTRTA: JMP EO175
DS 27

NCNMSK: JMP rONMI

BEGINNING CF PROGRAM CP!RATICN

SYSTEM:
LI
LXI SP.STACK ;SIT STACK TO 0
CALL INITP.V ,INITIALIZI I1ARDWARI
LXI r,mrhu ;PRINT GRIIlING MENU
CALL PRINT

AGAIN:
LXI SPSTACX ;INITIALIZE STACK TO 0
CALL CONIN ;GIT INPUT FRCtM KEYBOARr
CPI 'e' ;LCWZR LIMIT ERROR ON INPUT
it, ERROR
CPI 1 ;UPPER LIMIT ERROR ON INPUT
JP IRRCR
Sul 0' ;CCNVrRT FRCM ASCII TC EIX
MC? C A ;LITIRMINS POSITION IN JUMP TABLE
AID A
Arr C -I MCV C,A
XRA A
MC? ,
LXI B,SYST21L ;LCArS ArLRSS CF SYSTEM TABLE
LAD 2 ,FCRMVULATIS JUMP 'IABIF ADDRESS
PCEI

SYSTBL: ;JUMP TABIL
JP? SYSli'l ;GC TO EEGIf.NING CF PF.CGRAM
imp Doi ;RIAL TIME CLrC CCNTRCL
J1MP 102 ;PCWZn CONTROL
imp LC~3 ;INITIALIZE BCBBLE
imp L04 ;WRITE BUBBLE DATA
JMlp EC5 ;RIAL BUBBLE rATA
imp rce ;RAM M'EVCRY
JVP DO? ;ANALOG TO DIGITAL CONVERTOR

ERRCR:
LXI D,MSG1 ;IRRC? MESSAGI
CALL PRINT
LXI L,MENU ;MAIN MENU
CALL PRINT
Jvp AGAIN ;GC To BEGINNING AND CIT CONSOLE INPUT

MAIN FFOGRAM



rci: ;RF.9L TIE CLCCK
LXI rItSG2 ;FFINT REAL TIME CLCCK MEINU
CALL PRINI
CALL CONIN ;GEI CONSCLE INPUT
CPI "0' ;LCWER BOUND INPUT ERRCR CHECK
i t, IRRI
CPI '4' ;UPPIR BOUNE INPUT ERROR CHECK
JP IRR1
SUL '0" ;ASCII TO FIX CONVERSION
MCV C,A ;EIIERMINE POSITION IN JUMP TABLE
ADD A .
AI- C
MOY C,A
XRA AMov l.A -
LXI B,OlTBL ;J" P TABLE AEDRrSS
DAD 2 ;CALCULATE POSITION IN JUMP TABLE
PCEL

LOITL: ;REAL TIME CLCCK JUMP TABLE
JMP EClo ; CLEAR INTIRPUPT
JmP roil ;SIT REAL TIM]
JtP r012 ;SIT INTERRUPT
JMP D Cl3 ;S11 WAKEUP TIM-

I-O1e: ;CIrAR INTIRRUPT " "
XRA A -"
ALI oE
OUT 7?E ;INTERRUPT STATUS REGISTER
JMP IONI,

rOll: ;SIT REAL TIMI
LXI r .PSGll ;INPUT VIONIE VSQ
CAI PFINT
CALL GITEIX ;GIT VONTE IN REX
XRA A
MVI A,R ;IOAD ACCUMULATOR WITH HEX VALUE
OUT rONTB ;LCAr CCUNTER WITE MONTE
LXl rMSG12 ;INPUT LAY OF MONTE MSG
CALL PRINT
CALL CIIEIX ;GET rAY OF MONTE MSG
XRA A
MvI AB ;LCAr ACCUMULATOR WITH REX VALUE
OUT LATOFr ;LCAr COUNTER WITH DAY OF MONTH
LXI D.MSG13 ;INPUT DAY OF WIK
CALL PRINT
CALL GITHIX ;GIT LAY OF WIEK IN HEX
XRA A
MVI A.B ;LCAr ACCUMULATOR WITH HEX VALUE
CUT rATO1W ;LCAD COUNTER WITH DAY 0 WEEK
LXI D,MSG14 ;INPUT HOUR OF DAY
CALL PRINT
CALL GITEIX ;GIT POUR OF IAY IN REX
XRA A
MVI A,B ;LCAD ACCUMULATOR WITE EEX VALUE
OUT FOURS ;LCAZ COUNTER WITH HOUR

1-- "

103"%
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LxI MSC 1 ;INPUT MItUT.
CALL PRINT
CAII GITHIX ;GIT rINUTE
XRA A
MVI A,B ;LCAr ACCUMULATOR WITH EEX VALUE
OUT MINUTE ;LCAD COUNTER WVIT MINUTE
XRA A
OUT GO ;GC CCMMAN-
JVP LONE"

D012: ;SIT INTERRUPT
LXI r,MSG16 ;INTERRUPT SFIECT MFNU
CALL PRINT
CALL CONIN ;GET INPUT FRCM XEYBOARD

ir RRl ,LCWFR LIMIT CHECK FOR ERROR ON INPUT
CPI '5'
JP IRRE ;UPPER LIMIT CHECK FOR ERROR ON INPUT
SUi "0" ;CCNVIRT FROM ASCII TO FIX
MOV CA ;CAICULATE TAELI ADDRESS
ALL AA ,:.ALL C"2--

MOV C,A
IRA A
MCV P,A
LXI BI,CIXTIL ;ICCATION OF CLOCK TABLE

FCEL

CTBI: ;INTEP.RUPT JUMP TABLE
JMP rcill ;0. sEC
JMP f0112 ;1.0 SEC
JrP 1011Z .1.0 VIN
JMP 1C114 ,1.0 FOUR
J*P 10111 ;NO INTERRUPT

tClll: ;SIT INTERRUPT TO 0.1 SEC
XRA A
MVI A,02H ;INTERRUPT OUTPUT TO 1EZ
CUT 071H
JMP DONE1

rCIl2: ;SIT INTI.RRUPI TO 1.0 SEC
XFA A
r VI A,e4F ;INTERRUPT OUTPUT TO I HZ
CUT 271B
imp DON11

L0112: ;SET INTERRUPT TC 1 MN
XPA A
MVI A,£81 ;INTERRUPT ONCE A VINUTE
OUT V71E
3MP LON-'

r0114: ;SET INTERRUPT TO 1 EOUR
XRA A
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MVI A, lo ;U.%TIRUPT OUIPUT ONCi AN hCUR
OOT e?IF j.,.
JMP rOEl ,' "

r 0115 : XR A;NC INTERRUPT
IRA A

OUT 071H ;CIEAR INTERRUPTS
JMP rONI-

ro13: ;SIT VAKEUP TIME
LXil ,MSCll ;INPUT MONTE MSG
CALL PRINT
CALL GITEEX ;GIT MONTE IOP RAM
XRA A
MVI A,E ;IOAD ACCUMULATOR WITH HEX VALUE
OUT AM ONTE ;LCAr RAM WITH MONTE
LXI r,MSG12 ;INPUT rAY OF MONTH MEG
CALL PRINT
CALL GElxX ;GET rAY OF MCNTh FOR RAM
XRA A
MVI A,l ;IOAD ACCUMULATOR WITH FEX VALUE
CUT AtAYOTV ;ICAr RAM WITH DAY OF MONTE
XRA A
ALI QIFB
CUT eeR•
LXI E,MSG14 ;INPUT PCUR Of DAY
CALL PRINT
CALL GIETEX ;CIT BOUR OF IAY FOR RAM
XRA A
MVI AB ;I.CAL ACCUMULATOR WITH HEX VALUE
OUT ARCUR ;LCAl RAM WIT HOUR
LXI L,MSG1- ;INPUT MINUTE
CALL PRINT
CALL GOTIEX ;GIT F'INUTE FOR RAM
XRA A
MVI A,B ;LCAL ACCUMULATOR WITH EEX VALUE
CUT AYINUTI ;LCAE RAM WITB MINUTE
JMP DON..

DCNE :
LXI r,-,ENU ;PPINT OPENING MENU
CALL PRINI
JMP AGAIN

!RRI :

LXI r,MSG1 ;PRINT ERROR MESSAGE
CALL PRINT
JMP t01

D02: ;UNIT CONTROL MODULE
LXI D,MSG6 ;PRINT PCWIR IC UNIT ON/CFF MESSAGE
CALL PRINT
CALL CONIN ;GIT KEYBOARD INPUT
CPI "0" ;LCWER BOUND INPUT ERROR CHECK
JM V. R2
CPI ;UPPER BOUND INPUT ERRCR CHFCK
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SU I ;ASCII TO HIX CONViRSION
mcv C,A ;CALCULATE POSITION IN JUMP TABKE
Arr A
ADD C
mCv C,A
IRA A
mov B,A
LXI E,r02TBL ;JUMP TABLE A11RESS
DAD
P CE L

D02TBL:
imp r020 ;UNIT #1 OFF PIT EO ON NSC810#3:
Jmp t021 ;UNIT1 #1 ON (BIT BO ON NSC610#3)
imp r022 ;UNIT #2 CiF 'BIT B 1 ON NSC810#3)
JMlP L023 ;UNITi 42 ON BEIT -Zl ON NS CE 10# Z
imp IC24 ;UNIT #3 CFF 'BIT ?2 ON NSCS10#3,
imp L025 ;UNIT 43 ON kEIT Z 2 ON NSC21I0#3'

r020:
M14I A,01h
CUT 49B ;TURhN UNIT #1 OFF CLEAR BIT Bi

;CN NSCelZ#3)

r021:

VI,

OUT 4F ;TURN UNIT #1 ON EET BIT BO
;Ch Nsc6le#3)

imp ECNF2

1022:
tov I A.02
OUT 4SP ;TURN UNIT #2 C"F CLEAR BIT 21-

;CN NSC61043)
imp LCNE2

1023:
mvi A,22F
OUT 40E ;TURN UNIT #2 ON kEET BIT l

;ON NSC#.#3)

J M p ICN12

1024:

OUT 49E ;TURN UNIT &3 OFF CLEAR BIT B2
;CN NSC81eT3)

3MBo LONE2

L020:

Vv I A ,041.- - '-

OUT 4DH ;TURN UNIT#3 CN EFT BIT 22
;ON NSCEl#3)

CONE2:

LXI r,mENU ;PFINT OPENING MENU

1 06
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imp A. AIN

IRR2:
LXI I,MSCL ;PRINT ERROR MESSAGE
CALL PRINT

ilp D02

L03: ;IUBEIE INITIALIZATION
LXI bi,TABLE1 ;LCAr TABLE AlrRESS
mv I V0h;LCAL PARAMETRIC TAILE
INX R
MVI m,10B,
INX E
mvi ,0
INX 5

rM00I
INX B

LXI LIABPIE
CALL INBUBL

*CPI 20Ei ;CBECK FCP SUCCESS INL.ICATION
JNZ DONT3 ;CF-CCMPLITE VSG
LXI L rASG5 ;OP-IAIL MEiSSAGF
CALL PRINT
imp DON131 ;GO TO MAIN MINU

LCNIZ:
LXI fl.MSG4 ;C?-COMFLITY rSG
CALL PRINT

LCN 3 1:
LXI L IN PFINT MAIN M1XNU
CA:L FEINTI
JMF A,3AI N

104: ;'dRITI DATA TO BUBBLE
LXI B ,TAELF ;LCAL TABLE AIDRLSS
MvI ? 0
INX B
MVI m'12B

INX

INX

* INX
rM; vI M I20F
LXI E.IAEII
LXI r 3ulF ;Arpfss CF RAM BUFFER AREA
CALL WRBU3L
ANI 20B
CPI 20B ;CFIC9 FOR SUCCESSFUL OPS
JNZ LON14 ;OP-COMPIETE VSG

*LXI r I'SG5 ;CP-FAIL rSiG
CALL PRINT
Jmp 10NE41
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£0NE4:
LXI DMSG4 ;CP-CCMFLETE tMSG ~.
CALL PRINT

DO NE4 1:
LXI D,MENU MPINT MAIN MENU
CALL PRINT
imp AGAIN

D05: RIAD DATA FRCM BUBBLE
LXI E.TA!LE ;LCAD TABLE AILRESS
MVI ,O
INX B
Mill r,110B
INX B
MV! IP,20E
INX B
MV! oo
INX b,

LXI E.TAEI.E
LXI I.ZU13 ;ArZRESS OF RAM BUFFER AREA
CALL FEBUBI.
ANI 20E
CPI 2e! ;CFECK IE SUCCESSFUL OPS
JNZ ICNE5 ;OF-COMFLITE VSG
LXI L r,M S G5 ;OP-FAIL MSG
CALL P RINTI
imp LONE51

rO~:LXI r,MSG4 ;CP-CCMPLETI rSG
CALL PRINT

rON151:
LXI r,mENU ;PEINT MAIN MENU
CA11 PRINT
JMP AGAIN

D0155: 1I 1PG

CALL .R I NT
imp AGAIN

Z80

r06: ;RAM MEMORY TEST PROGRAM
LI 11,MSGE2 ;RAV BUFFER TIST rENU
CALL PRINT
CALL CONIN ;GET CONSOLE INPUT
CP 'Z;LC'WER BOUNr INPUT EPRCR TEST
JR M.IRROR6
ci' '4 ;UPPER BCUNr INPUT ERROR TEST
JR P.1RICRe
SUE 10, ;ASCII TO FIX CONVERSION
Lr C ,A ;CALCULATE POSITION IN JUMP TABLF
AIL A,A

AID A ,C
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L C.A
XCR A

LD PL,EUFFTBL ;LCAD JUMP TALE ALDRESS .P, J.
ALL BL,BC ;CALCULATE JUVP ALrRESS
JP(BL)

BUFITPL: ;INEX AIDRISS LOCATION
JP D061 ;IhITIALIZE BUFFER WITH O'S
JP 1062 ;ICAL BUFFER MEMORY WITH CHARACTER
JP DC63 ;RITURN TO SYSTEM
JP -064

XERCRC :,","-
LD LI,MSGI ;BAD INPUT MSG
CALL PRINT
JP tC6

r06i: ;INITIALIZE BUFFER TO 0
Lr A ,O ;CLEAR A
LE El,EUYF ;INITIALIZE BUFFER

LCOP61: LI F,.
SPOTI: LI (BL),30B

INC EL .--
DJNZ SPCT1
INC A -
CP 4
JP Z,LCNIE.
JP LOCP61

13C62: ;LCAL 2UFFER tIMORY
Lr EE,MSG60 ;MSG TC EAVY USER

;riPpiss .- '
;KIY ON TERMINAL TO LOAD
;CEARACTER INTO MEMORY

CALL PRINT ;WRITE MESSAGI ON TER 'INAL
CALL CONIN
CP CR
JP ZJCN162 ;IF OR END TEST
LI C,A
II A,e ;CLEAR A
Lr HIEUFF

LOOPS: Li 1,0
SPOT: LD (Ei),C ;ICAD MEMORY WITH TERMINAL VALUE

INC EL
LJNZ SPOT
INC A
C? 4
JP z,roNE61 ;LCAD 1024 MEtCRY LOCATIONS
JP loops

DONfel:
LI rE,MSG4
CALL PRINTDONE62:

Jp r06

109
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LO~:;RAM M'EtMOY VIEW r.CrLLL
LI A.0 ;INITIALIZE A

LD I,3UFF
*LOOP3: LE '

SPOT3: LE CI(BI
PUSH AP
CALL CONOUI

POP Af
DJNZ SPCT2
IsC A
CP 4

JP ICOP3

fl064: LD r'rU;R1tR TO SYSTEM

CALL PRINT
JP AGAI N

D0I65:
LXI r,MSG7
CALL PRINT
imp AGAIN

LXI fl.?SG71
CA LL PR'INT
CALL CONIN ;GET INPUT FP.CM KFYBOARL

J rA ArERR ;IOWEP LIMIT CECK ON INP13T
CFI -5

JP ADIRR ;UPPER LIMIT CHECK ON INPUT
Sull ;CONVIRT FROM ASCII TO FEX
1CI C,A ;CALCULATE TABLE ADiDRESS
ADD A
AIL C
%MCI CA
XRA A
MCI ,
LXI HLAriIL ;LCCATION CF A-TO-l TABLI
DAL

;A-TO-D JUMP TA3LE
PP r0711 ;CEANNEL 0

JMlp f0712 ;CFANNEL 1
10) r713 ;CEANNEL 2

JMP1 t0714 ;CBANNII 3
iJri, r.71! ;CBAN&NEL 4

:c71 1 K~ cleR ;CPANNFL 0 INPUT

IN Z!1E ;CPANNEL 1 INPUT



* JV4 ALENL

B0714: IN IZ13B ;CEANNIL 3 INPUT

rC715: IN e14H ;CEANNEL 4 INPUT
ADMN: LXI D,MINU

CALL PRINT ~
imp AGAIN

ADERR: LXI L,MSG72 M!ROR ON INPUT -

CALL PRINT
.im~p D07

DOI75:
LXI D,MSG7
CALL PRINT -

imp AGAIN

IONrII:
LXI £.MSG7
CAIL PRINT -
JMlP AGAIN

START CY SUBRCUTINFS

PRINT: '

XCEG ;SWAP 3C REG WITP. EL RIG ~.
mCY AM ;MCVI Mlre.RT VALUE TO A FIG

C~ ;CEEcK FOR FNr 0Of MSG DELIMITER
RZ ;ET'JEN IF ENr OF MSG FCUND

PRT 2:

IN CONSIAl ;Cii!cx FCR CONSOLE STATUS
ANI 01 ;MASK CUT ALL BITS EXCEPT BIT 0
CPI 01 ;CBECK To SIE IF TRANSMIT BUFFER IS EMPTY
JNZ FR72
MCV P A,C ;LCAr CEARACTIR TO 3E TRANSMITTED
OUT CONDATA ;SIND DATA TO TERMINAL
INX I2
imp PRT1 ;CBECK NEXT CbARACTER

CONIN:
IN CONSTAT ;CIFCK UART STATUS
ANI 02 ;CEFCK TO SEX IF INPUT EAS BIEN MADE
JZ CONIN
I N CONDATA ;RICEIVI DATA FROM UART
AN! 7FE ;MASK OUT RICH BIT
RET

C ON CUT:
IN CONSTAT
ANI 9
CPI 01
JNZ CONCEIT
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llCV A,c
OUT CCNDATA
RIT

CONSI: __

IN CONSTAT
ANI 02
RZ .-

MVI A,OFF.
PET

INITEW:
MVI A,01B
OUT 07E ;SIT NSC810#1 VOLI DE REG FOR

;PCRT A TO STROBED MODE INPUT
;FCR POWER CONTROL OPS

MVI A eOB

OUT f4H ;DATA DI.RECTICN REGISTERS ON PORT
;A SIT AS INPUT

MVI A,03E

OUT eeF ;LATA rIRICTICN REGISTER ON PORT C
;SET AS INPUT FOR STROBEL POWER
;CCNTROL OPERATION

MVI A .04B". . .

OUT 0IB ;ENABIE ThE ACTIVE-LOW INTERRUPT
;BfTO THE 10 10 TYE CPU

MV I A,OFFE
OUT 05B ;POET B CONFIGUREL AS AN OUTPUT

;7CR UART COiTROL
MV I A ,eob-
OUT 1SB ;TI'ER1 IS STCPPED AND RESET
mlVlI A .e5E
CUT Isp ;TIMER1 SET TC SQUARE 'AVE
MVI A,BAUDAD
CUT 121 ;TIERl LB A-.O-D BAUD RATE
MVI A,00
OUT 13B ;TIMER1 EB A-1O-D BAUD RATE
OUT 171 ;START TIMER1
mVI A.eOB
CUT 1 -p ;TIMIRO IS STOPPED AND RESETMVI A ,O=B"-"-
OUT 16B ;TIER0 SET TO SQUARE WAVE
MVI A,BAUL

CUT 1H ;TIMIRO LB UAT BAUD RATT SIT
MVi A.e0b
CUT 11B ;TIMERO EB UAFT BAUD RATE SET
OUT 151 ;START TIMER
MVI A,0"'
CUT 271 ;SIT NSC81g#2 VOLE DEFINE REGISTER

;FCR STROBEL SSLR INPUT TO PORT A
MVI A.OiB
CUT 24B ;DATA LIRECTICN RIGISTIR ON PORT

;A SET AS INPUT
MVI A.03B
OUT 2CR ;LIE PORT C SIT UP FOR STROBEE INPUT

;FCR SSrR HANrSHAKING -
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MvI 04F4
OUT 21E ;ENAEIE TEE ACTIVE-LOW INTERRUPT

;FPOM TEE I/C TO TEE CPU
MVI A ,0G'-
OUT 25B ;PORT B IS CONFIGURED AS POWER

;GROUP INPUT
MVI .,00E
OUT 2a ;TIMIRO IS STOPPED AND RESET

CUT -" ;TIM .ERO SET TC SQUARE tAVI
MVI A,POWERCK
CUT 30 ;TIER2 LB PO'kER CLOCK SET
mvi A.00E
OUT 1B ;TIMERO BB POWER CLOCK SET
OUT 351 ;START TIVIE
MVI A,07E
OUT 47E ;SIT NSC810#3 MODE DEFINE REGISTER

;FCE STROBED SSDR OUTPUT (TRI-STATE)
;ON PORT A

MvI A, ..FFE
OUT 44H ;DATA DIRECTION REIGISTER ON PORT A

;SIT AS OUTPUT
MVI A ,e.

OUT 46B ;rtR PORT C SIT UP FOR STROBED -
;OUTPUT (TRI-STATEI FOR SSDR
;EANrSRAKING

MVI A,04H
OUT 41H ;ENAEIES TEE ACTIVE-LOW INTERRUPT

;FBOM THE I/0 TO TEE CPU
MVI A.eFFH
OUT 45 ;PCRT B CONFIGUREL AS PCNER

;GFCUP OUTPUT
MV I A, "--

OUT E ;TIVERe STOPPIL AtNI RESET
MvI A ,5B
OUT 5EF ;TIMIRO SET TC SQUARE WAVF .-
MVI A,POWERCK
OUT 5OF ;TIMIR9 LB POWER GROUP TIME SET i'-
MVI AeH
OUT 511 ;TIMERO IB POWER GROUP TIME SET
OUT -55 ;START TIMIRE
RET

GETBIX: ;SUBRCUTINE TC GET A 2 DIGIT NUMBER
;FROM THE KEYEOARZ. CONVERT TEEM TO :.0
;EIX AND ThEN TO A TWO LICIT ECD
;NUMBeR

EIGB : LXI 1,MSCI1i ;MSG TO INPUT EIGE DIGIT
CALL PRINT
CAII CONIN ;GIT IGH DIGIT FROM KEYBOARD
CPI e
JM IRIil ;LCWIR LIMIT CRICK ON INPUT
JrtP CONTI ;CORRECT INPUT - CONTINUE

ERREIl: LXI r,MSG113 ;EPRCR MSG ON INPUT
CALL PRINTJ,.P FIO-
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CONVl: CPI A? TC-K.' iV
JP IRBEI2 ;EIGB LIMIT C ECK ON INPUT .. a,*-
JFp CONT2 ;CORRECT INPUT - CONTINUE

ERREI2: LXI 1,MSG11 ;EIiRCR XSG ON INPUT
CALL PRINT
JMP BIGE

CCNT2: SUI "e" ;CCNVERT FROM ASCII TO EEX
RAL
RAL ;THIS MOVES TEE hFX VALUE TO BIT
RAL ;PCSITIONS 4 10 7 IN TEE ACCUMULATOR
RA L
ANI MFE ;TEIS ZEROS THE LOWER 4 BITS ItN

;TPE ACCUMULAICR
MOV C,A ;DIGIT IS PLACED IN C BEG

LOW: LXI r.rSGII2 ;KTSSAGE TO INPUT LOW .SIGIT
CALL PRINT
CALL CONIN ;GET LOW DIGIT
CPI ". 

.

3rM IERLCW1 ;LCWER LIMIT CHECK ON INPUT 2
JMP CONT, ;CCRRICT INPUT - CONTINUE

LXI t,MSG13 ;I.RCR ON INPUT
CALL PRINT
JMP LCW

CONT3: CPI 3AB .7 1
JP IBRLC42 ;EIGE LIMIT CBECK ON INPUT
JMy CONT4

ERRLO'42:
LXI tfSGli ;IRRCR ON INPUT
CALL PRINT
iMP Icw

CCN14: SUL "oI ;CCNVIRT FROM ASCII TO FX,
A&I zFl. ;TF.IS ZEROS Tbl HIGH 4 BITS OF
PIT ;TEE ACCUMULATCR

ACPA C ;T iS JOINS TCG9TEER TEE ECL PAIRmcv 2 1 ;TFLE 2CD FAIR IS MOVED TO REG B"-'''r

I'ELAY:
mov FA ;DELAY A TIMES 1ZMSIC.

LCCPi:
LXI L1,i41

LOOP2:
Edx I
MCv A , r
ORA I
JNZ .COP2
DCR P
JNZ IOOP,
BET

MISSAGIS

MENU. DE CRL!,'GAS CAN CCNIRCL PPOGRAI',CE.LF

I
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DI CR,LF.'e= RISIT SYSTIM

DE CR,Ll,.1= REAL TIMI CLOCK

DP CR,LF.'2= POWER CONTROL

DI CR,LJ.'3m INITIALIZI BUBBLE

DE~ CR,LF,'4= WRITE 3UIBLY DATA

L3 CR,LJ,'5= READ BYU!SLE DATA

LB CR.Lf. 6= MFP CFY 3UFFIR

DI CR CBLf. A IC L CCNIVXPTI.

MSGl: D3 CR.I1.'BAD FNTRY, TRY AGAINE',CRIF,'$
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M50G2: LB CE,LF.'SET WEAL 'IVfE CLOCK '.CR,LF. .

B2 CE,LIJCO= CLEAR INI!PPUPT

r- CR,LfJ1= SET REAL 'lIVE

DE CR,Lf,'2' SET INTERRUPT-

iD CR,LF.'3= SET WAKEUP TIME

rpCR, A -

MlSG3: DE CBPLJ,'EPARE ',CF,,Li,$

IM5C4: Df CR.If,'OP-COMFIETI ',CR,IF'$

r1,SG 5. DE CR.LF,'OP-FAIIED ',CR.LF,l?

MSGe: LI CR.LP, 'SELECT UNIT TO TURN ONiCFF',CR.LF

116
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B3 CRLJ '4 UNII #3 CYF'

r ? CR,LfB,1= UNIT #3 CN'

(A SG7 D CE,Lf,'2= UITU #2 cF'RP

MS11 B CR,I1F,'3I NUT #2NT ON' LF

MS12 D CR1lF,'INU A FM$'h 'C,,,$

MSG1: L P CR,IF,'INPUT ryOF wa ',C ,, .'$

trSC14: LE CR,LF. 'INPUT ECUP CF rAY = ,CR,Ll, '$
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N -

MsG1E: DB C.R,LF,'INPUT MINUT! OF HOUR =',CR,LF,'$

rmscie: BE CRH.L./SFT INIIRRUPT INTLRVAL',CR.LrF,Ci~ LE -

r? '= 0.1 SEC',CR,Ll-

LL 'l 1.0 SEC ,CR I F

11 '2 = .0. rIN',CR,Li

r? '3 1.0 OUP'CR~x

DE '4 NO INTERRUPT',CR,LF

ro SG ee L? CH,LF,'D.PP.ESS ANY LI'ITEF/NUMfE.',CF.,L!

DE CR,LF,'OH CR 70 CUIT',CR,IF

.IF



DI?~~.~ CBLlw**CL

MS6:DE CR,LF,'RA MEO~r 1151I OPION:' CRLF

DE CRLl,'2 DIPLY. UFE tMCL'CJ

D? CR,LF.'3 REUR 10IALZ SYSTIMtIMOICE.L

MS7:DE CH.IF, '1 =E COAM UI, TO RYA ONCRLF R.

L? CRALCG.T3 = RTRN ICC SYTi'CR,LF
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DE CR,1170 = CHANNEL 0A'.CR,IF

iL '1l CHANNEL 1tCRLf

D! '2 = CHANNEL 2',CR,LF

LB '3 = CEANNEL ",CR.LF

LB '4 =CHiANNEL 4',CRlF

MSG72: DE CR,LF, 'FRROR ON INPUT P LEASE SELECT A' CR.LF

LB 'DIGIT FROM 0 TO 4 ONLY'.CR,LF

rsciil: D? CH.LF,'ENTER BICE IIGIT 02 0 IF NOT ,CR.LF

DE 'APPIICABIE',CR,LF
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!SG 112: D? CR.Lf,'ENTER LOW LIGIT',CR LF

MSG113: DE CR,Ll,'PIEASF ONIY INTER DIGITS FROM 0 TO 9,CR,IF

is 1

Er
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7- 7- r- - - - - I

PRTAOO EQU 8em ;PCLLEL MOrE
PRTA01 EQU 081H ;1/0 PORTS C

BYTCNT EQU 1024 ;RAM BUFFER BICK

ENTRY A3ORT,WR2UBL,RZBUBL, IN BUBL
IXTRN DFIAY.TAIIE

INITIALIZE TEE PAjRAMITRIC FIGISTERS

TBIS WILL DESTROY TEE A ANI F/ES

INTPAR: PUSE I
PUSB I
mv! A,0BF
OUT PBTAel ;ArDRESS LOADED INTO 722e RAC
MVI 05 ;LCCP COUNTER INTIALIZEr TO

;RIAD TABLE VALUF
LOAr: LEAX B

CUT PRTA00 ;WRITI PARAMEIRIC REG
INX E ;I&CREMFNT B-C RIGS ADDRESS IN RAI'
DCR I ;LBCRElMENT LOCP COUNTEP
JNZ LOAr ;JUMP TO LOAD IF NOT 0
POP
POP
RET

RESET 7220 FIEC DATA BUFFERi

TEIS WILL DESTROY A AND F/ES

EFcRS: PUSH r
?USE B
MVI E,40B ;LCAr OP-COMPUITE
Lxi D OFFEFIE ;TIME OUT IS INTIALIZED
fV I A.11F
OUT FRTACl ;WFITY FIFO RESET COMMAND

BUSTER: IN PRTAel ;RIAD STATUS BIG
PLC ;TEST BUSY EIT=L
JO POLLER ;Ii BUSY=1.FOIL STATUS BEG
DCX r ;ECREr"ENT TIME OUT LOOP
XRA A
ORA D ;TIST D-RIG=00B
CRA I ;TIST F-R!D=OeB
JNZ ?BUSTER ;IF NOT Z CONTINUE POLLING-
J lP RITFR ;TIrMX OUT ERROR

POLLER: IN PRTA!71 ;REAr STATUS
XRA B ;TIST STATUS FOR OP-COMPLETE
JZ BITER ;JUrP TO RETER IF OP-COMPLETE
DCX r ;LICREMENT TIMEl CUT LOOP
XRA A
ORA L ;TEST I-RIG
ORA I ;TEST E-REC.
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JN z ECTLL R ~ N CT Z C, 7 Ni P CL .
I T~ PCP

PcP r
IN PRTA01 ;RIAD STATUS
BIT 4

WRITE TO BUBPLE MEMORY

DESTROIYS A, E, L, AND F/S RIGS

IRITE: PUSH r ;SAVY RAM BUFFER ADDRESS
PUSE B ;SAVE TABLE AIZRESS
LXI B,0FFFFE ;INIT TIME OUT LOOP COUNTER
MYI A,13E
OUT PETA01 ;WRITE, WRITE BUBBLE VEM DATA C r

BUSYWR: DCX ; DECRIMENT TIME OUT LOOP COUNTER
XRA A
ORA E ;TEST B REG=OOe
ORA C ;TIST C RIGwOOH

FZ INSEV ;IF e, TIME OUT ERROR. JMP FINSEW
IN PRTA01 ;READ STATUS RIG
RLC ;TIST BUST BIT=l
JNC BUSYWi ;I 0. CONT PCLLING BUSY BIT -.

FOLLWR: IN PRTAeI ;RIAD STATUS BIG
BRC ;TEST FIFO READY BIT=I
JC WFIFC ;IT FIFO RIADY=I JMP WFIFO
z P FRTAO1 ;READ STATUS BIG
RLC ;TIST BUST BIT-i
JNC FINSbw ;If 0. IRROR, JMP FINSEW
DCX E ;DEC TIME CUT LOOP COUNTER
XRA A
CRA I ;IIST B REG=0oh
ORA C ;TIST C RIG=OOE
JZ FINSFI ;IF e. TItE OUT ERROR JMP FINSEW
JfF FOLLWR ;CCNTINUI POLLING FIFO READY BIT

WFIFO: LIAX r ;iCAr RAM ALDESS
OUT PRTAeo ;WBITI A REG IC ?220 FIFO DATA 2UFFER
INX D ;INC TO NEXT ADDRESS IN RAM
DCX B ;IC BYTE COUNTER •
-RA A
ORA E ;TIST H REG= COE
CRA I ;TIST L REG= e V
JNZ POLLWR ;IF BYTE CTR NOT 0. JMP PCLLWR

FINSBW: POP i
PCP r
RBT ;RITURN TO CALL

READ EUBBLI VIMORY

WILL DESTROY A,E,L, AND F/ES RIGS

READ: PUSB L ;SAVE RAM 3UFFER ADDRESS
PUSE I ;SAVE TAKIE AIDRYSS
LXI ?,OFFfFb ;INIT TIME OUT LOOP COUNTER
Mv A .2.
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FRTAo1 ;'WRITE, READ IUBBLF Mir DATA C"'D
2USYEr: rCX ;DIC lIME OUT LOOP COUNTER-

XRA A
CPA ETEST B REG= eOE
ORA C ;TEST C REG= e0H ." ",
JZ TINSIB ;IT 0, TIME OUT ERROR, JMP FINSER
IN PBTAe1 ;RIAL STATUS 'BIG I
RLC ;TIST BUSY BII- 1
JNC BUSYRD ;IT 0, CONT POLLING BUSY BIT

POLIRE: IN PETA01 ;RlAR STATUS BEG
RRC ;TIST FIFC REPLY BIT= 1
JC REIFO ;IT FIFO READY! 1, JMP R.IFO
IN PRTA01 ;RIAZ STATUS RIG
RLC ;TIST BUSY BI1-1
JNC IINSER ;I 0, ERROR, JMP FINSER
DCX p ,irC lIME OUT LOOP COUNTER
XRA A
CPA i ,TIST B REG= e0I,
ORA C ;TIST C REG= e0..
JZ FINSER ;IF 0, TIME OUT ERROR. JMP FINSER
JrP PCLLHI ;CCNT POLLING FIFC REArY BIT.

RFIFC: IN FRTAOO ;LZAD A REG W.' 1 BYTE FM FIFO DATA BUFFER .
STAX L ,SICRE A R _G IN RIG D-E ADDRESS
INX r ;INC E-E RIG TC NEXT ADrR IN RAM
DCX B ;EIC BYTE COUNTER
XpA A
ORA F ;TIST E REG OOE
CPA I ;TEST L BEG= £f-
JNZ FOLLRr ;I 3YTI COUNTIR NOT 0, JMP PCLLRD

FINSPR: POP E ;RESTORE B-C PEGS
PCP r ;RISTCRE D-E BEGS
rfT

WILL EISTROYS A, AN I,'Fs PEGS

ABOPT: PUSH I ;PUSH UNKNOWN VALUE OF D TO STACKL-
FUSE 2 ;40P PLACED ON STACK
LXI L.SFFFE ;INIT TIME OUT LOOP COUNTER
MVI ?,4eB ;LCAE OPIPATICN COMPLETE
toV I A,192 ;LCAD ABORT CCMMAND
OUT PRTAe1 ;WPITI ABORT COMMAND

!USTA: IN PSTAe1 ;RIAr STATUS RIG
RIC ;CBICK IF BUSY
ic PCLLA ;I BUSY POLL STATUS REGISTER
rcx r ;IC TIME OUT COUNTER
XRA A
0RA r ;,EST D BEG= eOE
OFA I ;TIST E REG= 0R.
JNZ EUSTA ;CFYCX FOR BUST IF TIME LEFT
JrP EiTA ;TIVE OUT IRRCR. RETURN

POLIA: IN FRTA21 ;RFAD STATUS RIG
XIA ;,IST FOB OP-COMPLETE
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E T A ;EITURN Ii OP CCMFLITE
Dcx r ;LEJC TIME OUT LOOP COUNTiR%
IRA A
OR). r ;TEST D RIG 1CR 0
ORA I ;TIST E REG 1CR 0
JNZ POLLA ;IF NCT 0 CONTINUE POLLING

RETA: POP z
PC? r

IN PRTA01 ;RIAD STATUS
RET

WRITE ?UBBLE VEMORY rATA

WILL LESIROY A, AND F/IS RIGS

WEBUIL: PUSE E ;SAVE END TABLE ADDRESS
PUSH p ;SAVI BEGINNING TABLE ALERESS
MVI E,40H ;LCAD B RIG OF-COMPLETE
CALL MIGRS ;RESIT FIFO
IRA 3 ;TEST FOR OP-CCMPLETE
JNZ RETWR ;IF ERROR JMP RETWR
PCP 2
CALL INTPAR ;LCAL PARAMETBIC REGS
LXI B,BYTCNT
CALL WPITE
FU SE B
LXI H,0FFJFB ;INITIALIZE TIME OUT LOOP

LOOWR: IN FRTAel ;?iAr STATUS
RLC ;TIST IE BUSY=1
itC P.ETWR ;If ZERO JMP RITWR
DCX E ;UrmlmlNT T1112 CUT LOC
IRA A
CRA F ;TIST H-Rl4 1CR 0
ORA L ;TEST L-REG 1CR 0
JNZ IOOPWR ;CONTINUE POLLING

RITWE: PC? B
PCP E
IN PRTAO21 ;RIAD STATUS
RI T

RIE !UBEI MIlMO.! DATA

WILL DES'IRCY A, AND F/IS RIGS

EDBUBL: PUSB B ;END 7ABLE ADLRESS
FUSE E ;BIGINNING TAELE ArDRESS
MVI 2140B ;LOAr OP-COMPLETE
CALL FIFORS ;RISET FIF0
XP.A B;TEST FOR OP-COMPLETE
JNZ RETEL ;IF NCT ZERO IMP EETRD
PCI p
CALL INTPAR ;LCAE, PARAMETRIC RIGS
LXI E,BYICNT
CALL READ ;RIAE BUBBLE rATA
PUSH B
LXI E,0FIFFF ;INITIALIZE TIME OUT LOOP
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LCCFHC: I N F T A1 ;RlAr STATUS
RIC ;TIST FOR BUSY='
JNC RITRD ;IT ZIRC,NOT IUSY,JMP RETE
DCx B ;EICRIMENT TIMEF OUT LOCP
IRA A
ORA F ;TIST E REG=0
ORA I ;TIST L REG=0
J1NZ IOOPRD ;CCNTINUE POLIING

RETL: PCP E

IN FRTAel ;RIAD STATUS
PI T

INITIALIZE THE BUBBLE

WILL EIS'IRCY A, AND F/ES RIGS

INBUBL: PUSE I ;PUSE UNKNCWVN VALUE
FUSE 2 ;ArDREss OF TABLE PUSHED TO STACK
MVI E4B;LOAr OP-COMPIETE
CALL ACRT ;CALL ABORT CCVMANL
IRA E ;TEST FOR OP-COMPLETE
JNZ RITI ;IT ZERC OP-CCMPL.TE
pP E ;PLACE ADDRESS OF PARAMETRIC RIG IN B
CALL INTPAR ;ICAD PARAMETRIC RIGS
PUSE i
mvi ?,40H ;LCAr CP-COMPLETE
LXI £,0FFFFE ;INITIALIZE TIME OUT LOOP
f, vl A,l11F
OUT EPTA01 ;W'RITE IN'ITIALIZE COM~MAND -

BUSTIN: IN PRTAel ;RIAD STATUS
PLC ;LICREMENT TIME CUT LOOP
JO POLLIN ;IF BUSY=l POLL FOR 40B
D-CX I ;LICRIMENT TIME OUT LOOP
IRA A
ORA ;TTST D BIG FCR 0
ORA F;TIST F REG FCR e
J NZ EUSTIN ;IF NCT e CONTINUE POLLING
JrMP RETIN ;TIMI OUT ERRCR. RETURN

POLLIN: IN PlIA21 ;RTAE STATUS
IRA B ;TIST FCR OP-COMPLETE
JZ RUTIN ;IF OP-COMPLFE JtMP RITIN
DCX r ;rICRIMENT TIPE CUT LOCP
XRA A
ORA I ;71ST D REG FCR 0
ORA I ;T!ST E REG FCR 0
JNZ POLLIN ;IF NOT 0 CONTINUI POLLING

RETIN: PCP p ;TABLE IDDRISS GOES TO B
pop r ;RESTORE D I REGS
IN PRTA21 ;RIAD STATUS BIG
RIT

LS 1
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